A series of ten substituted (E)-2-benzylidene-N-methylhydrazinecarbothioamides were synthesized from 4-methyl-3-thiosemicarbazide with substituted benzaldehydes. All the synthesized compounds were in good agreement with elemental and spectral data (UV, FT-IR, 1 H NMR and C (ppm) C=N spectral data of (E)-2-benzylidene-N-methylhydrazinecarbothioamides correlated with Hammett constants using single and multi-regression analysis. From the results of correlation analysis substituent effects on the spectral data have been discussed. The antibacterial activity of (E)-2-benzylidene-Nmethylhydrazinecarbothioamides have been studied with three Gram-positive pathogenic bacterial strains namely (B. subtilis, S. aureus and S. pyogens) and two Gram-negative strains (E. coli and P. aeruginosa). The antifungal activity of (E)-2-benzylidene-N-methyl hydrazones studied with three fungal species (A. flavus, A. niger and T. viride) using disk diffusion method.
Synthesis, study of structure activity relationship and evaluation of biological activities of substituted (E)-2-benzylidene-Nmethylhyrazinecarbothioamides
R
INTRODUCTION
Hydrazones are a special group of the Schiff base family. They are consider by the presence of >C=N-N<. In hydrazone moiety have the nitrogen atom behaves as nucleophilic and carbon atom behaves as nucleophilic as well as electrophilic nature [1] [2] [3] . Several hydrazones are attained depending on the experimental conditions which have application as biologically active compounds [4] and as analytical reagents [5] . The effect of substituents on the group frequencies through UV-vis, IR, 1 H and 13 C NMR spectra of ketones [6] , unsaturated ketones [7] , acid chlorides [8] acyl bromides, and their esters [9] oxazine [10] , chalcone [11] , hydrazone [12] has been studied.
However, literature survey shows that the study of effect of substituents on the group frequencies of oxiranes is almost absent. As biologically active compounds, hydrazones find applications in the treatment of diseases such as anti-tumor [13] , tuberculosis [14] , leprosy and mental disorder [4] . The hydrazones antimalarial [15] , analgesic [16, 17] , antiplatelet [18] , antituberculosis [19] , anticancer [20, 21] and antioxidant [22] effect. The antimicrobial activity of hydrazones was studied against Staphylococcus aureus, Escherichia coli and Pseudomonas aeruginosa. Most of the hydrazone derivatives are possess antibacterial as well as antifungal activities [23, 24] . These potentials are also applied for the study of structure activity relationships [25] . From thorough literature survey there is no report on the effect of substituents-QSAR or QPR study with these compounds, in the past. Therefore, the authors taken effort to synthesised some substituted (E)-2-benzylidene-N-methylhydrazinecarbothioamides and study the correlation analysis with their UV, IR and NMR spectral data as well as study of antimicrobial activity using disc diffusion method.
MATERIALS AND METHODS
All the chemicals involved in the present study have been purchased from Sigma-Aldrich chemical company Bangalore. The melting points of all substituted (E)-2-benzylidene-Nmethylhydrazinecarbothioamide compounds were recorded by Mettler FP51 melting point apparatus. The electronic spectra of all the synthesized compounds were recorded from ELICO-BL222 spectrophotometer. IR spectra (KBr, 4000-400 cm -1 ) were recorded from AVATAR-300 Fourier transform spectrophotometer. The 1 H NMR and 13 C NMR spectra were obtained using Bruker AV400 NMR spectrometer operating at 400 MHz in DMSO solvent using TMS as internal standard. Microanalyses of all the hydrazones were obtained from Thermo Finnigan analyzer.
Typical Synthesis of substituted (E)-2-benzylidene-Nmethylhydrazinecarbothioamides
Equimolar quantities 4-methyl-3-thiosemicarbazide (10 mmol) and substituted benzaldehyde (10 mmol) were dissolved in ethanol (30 ml). Two drops of acetic acid was added and the mixture allowed to refluxing for 6 hours (Scheme 1). After completion of the reaction the compounds was filtered, dried and then was recrystallized from ethanol. The Physical constants and analytical data of substituted (E)-2-benzylidene-N-methylhydrazinecarbothioamides are presented in Table 1 . The UV, IR and NMR spectral data of substituted (E)-2-benzylidene-N-methylhydrazinecarbothioamides are presented in Table 2 .
FULL PAPER
Scheme 1 Synthesis of substituted (E)-2-benzylidene-Nmethylhydrazinecarbothioamides. 
RESULTS AND DISCUSSION

UV spectral study
The assigned characteristic UV absorption maximum λmax(nm) values of all the synthesized (E)-2-benzylidene-Nmethylhydrazinecarbothioamides under present investigation are presented in Table 2 .
These observed spectral data are correlated with Hammett substituent constants and F and R parameters using single and multilinear regression analyses [27] [28] [29] [30] [31] . Hammett equation employed, for the correlation analysis, concerning the absorption maxima is as shown below in equation (1):
where λ o is the frequency for the parent member of the series.
The results of statistical analysis of UV absorption maximum λmax (nm) values with Hammett constants and Swain-Lupton's parameters are presented in Table 3 . From Table 3 , it is witnessed that the UV absorption maximum λmax (nm) values have shown poor correlation (r < 0.900) with Hammett constants and Swain-Lupton's parameters. This is due to the weak polar, resonance, field and inductive effects of the substituents for the predicting the reactivity on the absorption through resonance-conjugative structure as shown in Figure 1 . All the correlations have shown negative ρ values. This shows that the reverse substituent effect operates in all systems. The reason for the poor correlation is attributed to the conjugative structure shown in Figure 1 . Since some of the single regression analyses have shown poor correlations with Hammett constants σR and F and R parameter, it is decided to go for multi regression analysis. The multi regression analysis of the UV absorption maximum λmaxC=N(nm) values of all the substituted (E)-2-benzylidene-N-methylhydrazinecarbothioamides compounds with inductive, resonance and Swain-Lupton's [32] parameters produce satisfactory correlations as shown in equations (2) and ( 
(R = 0.945, n = 10, P > 90%)
IR spectral study
The assinged infrared stretching frequency νC=N(cm -1 ) v a l u e s o f a l l t h e s u b s t i t u t e d ( E ) -2 -b e n z y l i d e n e -Nmethylhydrazinecarbothioamide compounds are presented in (Table  2) . These observed spectral values are correlated with Hammett substituent constants and F and R parameters using for single and multi-linear regression analyses [27] [28] [29] [30] [31] .
While seeking Hammett correlation involving group frequencies, the form of the Hammett equation (4) employed is ν = ρσ + νo (4) where νo is the frequency for the parent member of the series.
From (Table 3) , it is evident that the infrared stretching frequency νC=N(cm -1 ) values of all the (E)-2-benzylidene-Nmethylhydrazinecarbothioamide compounds have shown poor correlation with Hammett substituent constants σ , σ + , σI, σR and F and R parameters.
The poor correlation is attributed to weak inductive, resonance and field effect of the substituents unable to predict the reactivity on the frequency through resonance as per the conjugative structure given in (Figure 1 ).
All the correlations except with σI have shown negative ρ values. The multi regression analysis of the stretching frequency νC=N(cm -1 ) values of all the (E)-2-benzylidene-N-methylhydrazinecarbothioamide compounds with inductive, resonance and Swain-Lupton's [32] parameters produce satisfactory correlations as shown in equations (5) and (6) . 
(R = 0.952, n = 10, P > 95%)
H NMR Spectral study
The assigned 1 H NMR chemical shift δCH=N (ppm) values of substituted (E)-2-benzylidene-N-methyl hydrazinecarbothioamide compounds are presented in (Table 2 ). These observed spectral values are correlated with Hammett substituent constants and F and R parameters using for single and multi-linear regression analyses [27] [28] [29] [30] [31] . In this correlation the structure parameter Hammett equation employed is as shown in equation (7). In view of the inability of all the Hammett constants and F and R parameters to produce individually satisfactory correlations, it is decided that it is worthwhile to seek multi regression analysis. The multi regression analysis of the 1 H NMR chemical shift δCH=N(ppm) values of all hydrazones with inductive, resonance and Swain-Lupton's [32] parameters produce satisfactory correlations as shown in equations. The correlation equations generated are shown in equations (8) C (ppm) C=N of (E)-2-benzylidene-Nmethylhydrazinecarbothioamides with Hammett substituent constants and Swain-Lupton's F and R parameters. r = correlation coefficient; ρ = slope; I = intercept; s = standard deviation; n = number of substituents
C NMR Spectral study
The assigned 13 C NMR chemical shift δC=N (ppm) values of substituted (E)-2-benzylidene-N-methyl hydrazinecarbothioamide compounds are presented in Table 2 . These assigned spectral values are correlated with Hammett substituent constants and F and R parameters using for single and multi-linear regression analyses [27] [28] [29] [30] [31] . The results of statistical analysis presented in Table 3 . From Table 3 , it is evident that the 13 The poor correlation is attributed to weak polar, inductive, field and resonance effects of substituents for predicting the reactivity on the 13 C NMR chemical shifts through resonance as per the conjugative structure given in Figure 1 . All the correlations with Hammett constants, F and R parameters have shown negative ρ values. This indicates that the reverse substituent effect operates with respect to 13 (10) and (11). 
Antimicrobial activity
Antimicrobial screening of substituted (E)-2-benzylidene-Nmethylhydrazine carbothioamide was done following the Kirby-Bauer [33] disc diffusion technique. All the synthesized hydrazones (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) were screened for their in vitro antibacterial activity against three gram positive bacteria namely B.subtilis, S. aureus and S. pyogenes and two gram negative bacteria E. coli and P. aeruginosa at 250μg/mL with Ciprofloxacin as the standard drug. The antibacterial screening effects of synthesized (E)-2-benzylidene-N-methylhydrazinecarbothioamides is shown in Figure 2(Plates 1-10) . The zone of inhibition is compared using Table 4 and the corresponding clustered column chart is shown in Figure 3 
Antifungal activity
Antifungal sensitivity assay was performed using Kirby-Bauer [33] disc diffusion technique followed at a concentration of 250μg/mL with amphotericin-B taken as the standard drug. The synthesized compounds were evaluated for their antifungal activity against three fungal species namely A. flavus, A.niger and T. viride were utilized. The antifungal activities of synthesized (E)-2-benzylidene-Nmethylhydrazinecarbothioamides is shown in Figure 4 (Plates 11-16 ). The zone of inhibition is compared using Table 4 and the corresponding clustered column chart is shown in Figure 5 . The H, 3-Cl and 4-CH3 substituents have shown good activities against A.flavus. The 3-Br, 3-Cl, 3-NO2 and 4-NO2 hydrazone compounds have shown good activities against A .niger. The 3-NO2 compound only has shown good activity against T.viridi. The remaining all the As T66 have shown moderate activities against all the three species. 
CONCLUSIONS
The authors have synthesized a series of ten substituted (E)-2-benzylidene-N-methylhydrazinecarbothioamide compounds using 4-methyl-3-thiosemicarbazide and substituted benzaldehydes. The structure activity relationship of substituted (E)-2-benzylidene-Nmethylhydrazinecarbothioamides have been studied using assigned spectral values with Hammett substituent constants and SwainLupton's parameters through single and multi-regression analysis. 
